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32i0Ho Haka3y MiHicmepcmea oceimu i Hayku YkpaiHu eid 27.09.2021
E Ne 1017 xypHany npuceoeHo kamezaopito "B" i3 ncuxonoezii ma nedazoziku

il 32idHo Haka3y Minicmepcmea oceimu i Hayku YkpaiHu eid 27.04.2023

Ne 491 xypHany npuceoeHo kamezopito "B" i3 MeOuyuHu: cneyianbHicmp 222

PekomeHOo0saHo do gudagHuymea [pe3udieto epomadcbKoi Hayko8oi opeaHisauii
«Bceykpaitcbka Acambriess dokmopig Hayk 3 OepxasHoeo ynpasniHHs» (PiwetHs 6id 18.05.2026, Ne 7/5-26)

JKypHan sudaemscs 3a niompunmku KHI "KninidHa nikapHs No15 [Nodinscekozo patioHy m.Kuesa", Lienmpy diemonoeaii Hamanii
Kanu+oecbkor
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Scholar

EnekmpoHHut Haykosul xypHan «[lepcriekmusu ma iHHosauii HayKu» 3acHO8aHUU 3 Memoro 8UC8IMITeHHs
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nnamapopmi «Haykoea nepioduka YkpaiHu» e HauioHanbHit 6ibniomeui Ykpainu imeni B.l. BepHadcbkozo HAH Ykpainu
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DESIGNING AN Al COMPETENCY COURSE FOR
PRE-SERVICE TEACHERS: AN ADDIE-BASED APPROACH

Abstract. The article presents the experience of designing and developing the
online course ‘“Pedagogical Aspects of Using Artificial Intelligence in Secondary
Education Institutions” for pre-service teachers at Bohdan Khmelnytsky Melitopol
State Pedagogical University. The relevance of the study is determined by the rapid
digital transformation of education, the active expansion of artificial intelligence
technologies in teaching and learning processes, and the growing need to develop Al
competency among future teachers in the context of increasing cybersecurity threats
and the widespread implementation of online and blended learning. Particular attention
is paid to the formation of competencies related to cyberethics, cybersafety, and
cybersecurity (the C3 triad) as essential components of contemporary teacher education
and responsible Al integration into educational practice.

The course was designed in accordance with the ADDIE instructional design
model, which includes the stages of Analysis, Design, Development, Implementation,
and Evaluation. The article characterizes the content and key processes of each stage,
including the analysis of educational needs and learner characteristics, the selection of
an appropriate Learning Management System, the development of instructional and
multimedia materials, the integration of specialized Al-powered mathematical tools,
and the assessment of learning outcomes. The structure of the course, examples of
learning activities for classroom and independent work, and approaches to organizing
pedagogical interaction in the online environment are presented.

Special emphasis is placed on the pedagogically appropriate and ethically
grounded use of artificial intelligence in mathematics education, as well as on the role
of specialized Al-oriented mathematical services in supporting mathematical
reasoning, visualization, problem solving, and data analysis. The article also highlights
the use of the Generative Artificial Intelligence Literacy Test (GLAT), adapted for
Ukrainian pre-service teachers, as a diagnostic instrument for assessing Al literacy and
awareness. The findings confirm the importance of the systematic integration of Al
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competency into teacher education programs and demonstrate the potential of the
developed course for preparing future mathematics teachers for professional activity in
digitally transformed educational environments.

Keywords: artificial intelligence, Al competency, pre-service teachers, ADDIE,
digital transformation of education, cybersecurity, cyberethics, online course, LMS,
GLAT.

KoxkeBHukoBa AJjuia BuaciBHa, KaHIWIaT NeAaroriyHuX HayK, JIOICHT
kadeapu TeJaroriky 1 MmeaaroriyHoi MaicTepHOCTi, MemTonoMbChbKUN JIepyKaBHUN

neAaroriyauil yHiBepcuter iMeHi bormana Xwmenpaunbkoro, https://orcid.org/0000-
0001-6987-0352

Tepmenxu QOuexcanap AHApiHOBHY 37100yBay OCBITH TPETHOTO PIBHS
(moxTop inocodii) kadenpu nemaroriku 1 megaroriyHoi MaiictepHocti, Memito-
MOJIBCHKUHN JIep>KaBHUM MeaaroriyHuil yHiBepcuTeT iMeH1 bornana XMenbHUIIBKOTO,

https://orcid.org/0009-0005-0792-0103

INPOEKTYBAHHS KYPCY 3 HII-KOMIIETEHTHOCTI V151
MAUBYTHIX YYUTEJIB: IIIAXIA HA OCHOBI MOIEJII ADDIE

AHoTanisi. Y CcTaTTi NpeACTaBICHO JOCBIA MPOEKTYBAaHHSA Ta PO3POOICHHS
oHJaiiH Kypcy «llemaroriyni aceKTH BUKOPUCTAHHS IITYYHOTO 1HTEICKTY B 3aKjIaaax
3arajJbHOI CEPEeIHBOI OCBITH» I MalOyTHIX yduTeniB y MeniTonoibChbKoMy
Jep>KaBHOMY TI€JJarOT1YHOMY yHIBEpCcHUTETI iMeH1 bormana XMenbpHUIIBKOTO.

AKTYalbHICTh JOCIIKEHHSI 3yMOBJICHA CTPIMKOIO IM(poBor0 TpaHchopma-
I1€10 OCBITU, aKTUBHUM TOIIUPEHHSIM TE€XHOJIOT1H IITYYHOTO 1HTEJIEKTY B OCBITHHOMY
MpoILIeC] Ta 3pOCTaryoro notpedoro y ¢popmysanHi I-koMreTeHTHOCTI MailOyTHIX
VYHTEIIB B YMOBax MOCWJICHHS Kibep3arpo3 1 MIMPOKOTO BIPOBAHKCHHS OHJIAMH Ta
3MinraHoro HaByaHHsA. OcoOIMBy yBary npuauieHo GopMyBaHHIO KOMIIETEHTHOCTEMH,
MOB’sI3aHMX 13 KiOepeTukoro, kibepOesnekor Ta kidep3axuctom (C3 triad), sk
BAKJIMBUX CKJIAJIOBUX CYYaCHOI IIeJaroriyHoi OCBIiTH Ta BiAoBiganbHO iHTerparii 1
B OCBITHIO MPAKTHKY.

[IpoekTyBaHHs KypCy 3I1MCHIOBAJIOCS BIAMOBIAHO O MOJEJI MEJAaroriyHoro
muzaiiny ADDIE, sika oxommoe eranmu Analysis (anamiz), Design (mpoekTyBaHHS),
Development (po3pobnenns), Implementation (ynpoBamkenns) Ta Evaluation
(oriHIOBaHHSA). Y CTATTI 0XapaKTEPHU30BAHO 3MICT 1 KJIFOUOBI MTPOIIECH KOKHOTO €Tamy,
30KpeMa aHalli3 OCBITHIX MOTpeOd 1 XapaKTepUCTUK 3700yBayiB OCBITH, J100ip
BIJIMTOBI/THOT CUCTEMH yTIPABIIIHHS HABYAHHSIM, PO3pOOJICHHS HABYATbHO-METOIUIHUX
1 MyJbTUMEAIMHUX MaTepiaiiB, iHTerpauito creuianizopanux IIII-opienToBaHMX
MaTeMaTUYHUX IHCTPYMEHTIB Ta OLIHIOBAHHA Pe3yJbTaTiB HaBuaHHs. [IpeacTaBieHo
CTPYKTYPY KypcCy, MPUKIIAId HABYAIBHUX 3aBIaHb JJISI ayJUTOPHOI Ta CaMOCTIMHOI
pobOTH, a TaKOoX IIJXOAM JI0 OpraHizaili IenaroriyHoi B3aeMOJii B OHJIAMH-
CepeOBUIII.
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OcoOmMBU  akIeHT 3po0JIeHO Ha IeIaroridyHo JIONIJIBHOMY Ta €THYHO
BHUBa)KEHOMY BUKOPHCTAHHI IITYYHOTO 1IHTEJIEKTY B MaTEMaTHUHIN OCBITIi, a TAKOXX Ha
pom cremiam3oBanux [II-opieHTOBaHWX MaTeMaTHYHUX CEPBICIB Yy MIATPHUMIII
MaTEMaTUYHOTO MIpKyBaHHs, Bi3yalli3allii, po3B’a3yBaHHs 3a/lad 1 aHai3y JaHuX. Y
CTaTTI TaKOX BHUCBITIEHO BHKOpucTaHHs Tecty Generative Artificial Intelligence
Literacy Test (GLAT), agmanTtoBaHOro ajsi yKpaiHChbKMX MaiOyTHIX YYHUTENIB, SIK
J1arHOCTUYHOTO 1HCTPpYMEHTY oIliHoBaHHs piBHA IIII-rpamoTrHOCTI Ta 0013HAHOCTI.
PesynpTatu mociimkeHHS MiATBEPIXKYIOTh BaXKIHUBICTH cucTeMHoi iHTerparii IIII-
KOMIIETEHTHOCTI B MpOrpamMH IMeNaroriyHoi OCBITU Ta JEMOHCTPYIOTh MOTEHINall
pPO3pO0OJICHOTO KypCy Il TIATOTOBKM MaMOYTHIX YYHMTENIIB MaTeMaTHKH 10
npodeciiHoI AISUTBHOCTI B yMOBax U(POoBOi TpaHCcPopMaIlii OCBITHOIO CEPEAOBHUIIIA.

KurouoBi caoBa: mryynuil intenekt, [II-koMrnereHTHICTh, MaiOyTHI yuuTeni,
ADDIE, mudpoBa tpancdopmariis ocBitH, KibepOesneka, KidepeTrka, OHJIaliH-KypC,
LMS, GLAT.

Problem statement. In the context of accelerating digital transformation and the
pervasive integration of artificial intelligence (Al) into educational systems, the
development of Al competency among pre-service mathematics teachers has emerged
as a critical area of scholarly and practical importance. As Al-driven tools increasingly
shape pedagogical practices, learning environments, and data-informed decision-
making, it is imperative to ensure that future educators possess not only technological
proficiency but also a well-developed capacity for ethical reasoning, safe engagement,
and secure application of these technologies. Mathematics education, grounded in
formal logic, algorithmic thinking, and data analysis, provides a particularly robust
foundation for the meaningful integration of Al. Furthermore, within the contemporary
digital landscape, a characterized by heightened cybersecurity risks and the expansion
of hybrid and online learning modalities, there is a pressing need to embed the
principles of cyberethics, cybersecurity, and data protection into teacher education.

Analysis of recent research and publications. Today, a considerable number of
contemporary studies are devoted to preparing teachers for professional practice in the
era of emerging digital technologies and artificial intelligence. Various countries are
actively integrating artificial intelligence technologies into their educational systems,
focusing on the development of relevant programs and digital tools. In particular, the
U.S. Department of Education report “Artificial Intelligence and the Future of
Teaching and Learning” [3] (2023) outlines the key directions of Al’s impact on the
educational process, including increased adaptability of learning, optimization of
teaching activities (particularly through the reduction of administrative workload),
advancement of formative assessment, and support for research and development with
an emphasis on the contextual sensitivity of technologies.

This study “Preparing Pre-service Teachers for 21st Century Skills” evaluates a
teacher education model in Syria (Damascus university) focused on promoting 21st-
century skills, finding it efficient for cognitive development but less so for
communication skills [1].
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The article by Aleksieva (2025) “Preparing Pre-Service Teachers for the Digital
Transformation of Education: Exploring University Teacher Educators’ Views and
Practical Strategies” examines the current state of the digital transformation of
education in Bulgaria within the framework of the SUMMIT project, with particular
attention to the preparation of pre-service teachers and the practical strategies
employed by university educators [2].

The qualitative study of Chinese scholars Kohnke & Green-Eneix (2025)
explores how generative artificial intelligence can be integrated into teacher education
by emphasizing Al literacy, critical reflection, and practical recommendations to equip
both pre-service and in-service teachers for modern classrooms [9].

Nevertheless, drawing upon the existing body of research on the Al-readiness of
pre-service teachers, we consider the issue of preparing teachers for the integration and
pedagogically appropriate use of artificial intelligence in Ukraine to be of particular
relevance and significance.

Purpose of the article. The purpose of the article is to present the experience of
designing and developing an online course for pre-service teachers at Bohdan
Khmelnytsky Melitopol State Pedagogical University in accordance with the ADDIE
instructional design model. The article aims to characterize the key stages of the course
development process, as well as to substantiate the importance of forming Al-related,
pedagogically effective, ethical, and safe practices in the professional training of future
teachers.

Presentation of the main material of the study. The scale of cyberattacks in
2024 is unprecedented, with over 600 million incidents logged daily (Microsoft Digital
Defense Report: The Foundations and New Frontiers of Cybersecurity) [11]. This shift
has placed the education and research sector squarely in the crosshairs of nation-state
actors, who now account for 21% of these attacks, highlighting the fragile security of
our digital learning environments [11].

IT
Research and Education

Government

Think tanks and NGOs {

Transportation
Consumer Retail
Finance
Manufacturing
Communications

All others

2 25

Percentage (%)

Fig. 1. Top targeted sectors worldwide (Microsoft Digital Defense Report: The
Foundations and New Frontiers of Cybersecurity (2024)) [11].
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In Ukraine, the escalation of cyberattacks targeting critical infrastructure,
including the education sector, has made the creation of a secure digital learning
environment an urgent priority. The widespread transition to online and hybrid
education [14], driven by war, displacement, and the relocation of universities, has
significantly increased students’ exposure to cyber threats such as phishing, data
breaches, and harmful content. In this context, educators are required to possess not
only pedagogical and digital skills but also well-developed competencies in
cybersecurity, cyberethics, and cybersafety. Accordingly, teacher education programs
must prioritize the systematic development of these competencies, equipping future
teachers with the knowledge and practical skills necessary to ensure safe, responsible,
and resilient digital learning environments.

Our research examines the development of Al competence among future
teachers, emphasizing the C3 triad (cyberethics, cybersafety, and cybersecurity) (see
Fig.2). The study provides critical insights into the digital adaptation of displaced
institutions, exemplified by Bohdan Khmelnitsky Melitopol State Pedagogical
University. Cyberethics concerns the moral decisions individuals make when using
digital technologies, cybersafety involves practices aimed at minimizing online risks
and harmful interactions, and cybersecurity encompasses technical measures designed
to protect data, systems, and digital identities from unauthorized access and cyber
threats [12].

Cybersafety

Promoting secure practices and
awareness to mitigate risks associated
with Al integration in educational
seltings.

Fig. 2. C3 triad framework (according to P. Pusey, W. A. Sadera [12])

The syllabus for the online elective course, “Pedagogical Aspects of Using
Artificial Intelligence in Secondary Education Institutions”, is detailed in our study,
“Preparing pre-service teachers for the digital era: Cyberethics, cybersafety, and
cybersecurity skills as a core Al competency”. Designed for Mathematics Education
students at Bohdan Khmelnitsky Melitopol State Pedagogical University, the course
addresses the urgent need for Al competency at both Bachelor and Master levels [13].

The course was designed based on the ADDIE instructional design model [10],
which provides a step-by-step approach to the development of educational products
and includes five key stages (fig.3): analysis of educational needs (Analysis), design
of the course structure and content (Design), development of instructional materials
(Development), practical implementation (Implementation), and evaluation of
effectiveness (Evaluation).
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Fig. 3. The ADDIE process flowchart

The key processes of each stage of the ADDIE-based online course design model
are presented in fig. 4.

ANALYSIS DESIGN DEVELOPMENT IMPLEMENTATION EVALUATION
e N s ™ a B 5 N e B

e Preliminary
planning,
diagnostics of
the educational
environment,
identification of
needs and
resource
support

\\

* Conceptualization
of the course and

detailed design of }

its structure

* Creation and
integration of
teaching and
methodological
materials

¢ Implementation
of the

} educational

process within

the course

¢ Comprehensive
evaluation of
course quality
(processes and
outcomes)

Fig. 4. Phases of Educational Course Development Using the ADDIE Model

At the Analysis stage of course design a comprehensive examination of the
course resource support was conducted, including the assessment of technical,
informational, methodological, and human resources required for the effective
implementation of the educational process. Particular attention was paid to identifying
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learner requirements and the characteristics of the target audience, including the
analysis of students’ digital competence, their previous experience with digital
technologies and artificial intelligence tools, educational needs, motivation, and
specific features of their professional training.

In addition, this stage involved the justification for the selection of a Learning
Management System (LMS) based on its technical and functional capabilities,
particularly its support for online and blended learning, integration of multimedia
content, communication tools, assessment instruments, and monitoring of students’
learning activities.

Despite the rapid evolution of the international research landscape, Ukrainian
academic discourse currently lacks comprehensive studies on assessing Al competency
and its various dimensions. Addressing this gap, we adopt the definition proposed by
Chiu et al. (2024), who describe Al competency as a blend of technical understanding
and social responsibility — specifically, the confidence to explain AI’s societal role and
the skill to use it ethically and collaboratively [5].

The concept of “Al competency for educators” was officially established in
Ukraine in 2024 through a collaborative study by the Ministry of Education and
Science and the Ministry of Digital Transformation. Titled “Guidelines on Artificial
Intelligence for General Secondary Education Institutions”, the report defines this
competency as the synthesis of knowledge, skills, and attitudes required to navigate Al
across various contexts — specifically focusing on its ethical pedagogical application
and the ability to identify Al-driven tools [7].

The elective course developed by our research team, “Pedagogical Aspects of
Using Artificial Intelligence in Secondary Education Institutions” is designed to
facilitate the systematic development of Al competency among pre-service
mathematics teachers.

The course is oriented toward equipping future educators with both theoretical
understanding and practical skills for the effective integration of artificial intelligence
into teaching and learning processes.

During the Design stage, the conceptual framework and internal structure of the
course are developed in accordance with the identified educational needs and learning
objectives. This stage involves the systematic design of the course architecture,
including the development of the curriculum and preparation of the syllabus. Special
emphasis is placed on the formulation of clearly defined learning outcomes that
correspond to professional and academic competencies. Furthermore, appropriate
teaching strategies, instructional methods, and assessment approaches are selected to
ensure the alignment between learning activities and intended outcomes. As a result,
the Design stage establishes a coherent pedagogical model that guides the development
and implementation of the course. The syllabus of the elective course “Pedagogical
Aspects of Using Artificial Intelligence in Secondary Education Institutions™ is
presented in our paper “Preparing pre-service teachers for the digital era: Cyberethics,
cybersafety, and cybersecurity skills as a core Al competency” [13].
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The Development stage focuses on the creation, structuring, and integration of
educational and methodological materials required for course delivery. Educational
content is systematically organized into thematic modules and adapted to the chosen
instructional format. At this stage, lecture materials, practical assignments, assessment
tasks, and additional learning resources are prepared. Considerable attention is also
devoted to the development of multimedia support, including presentations, interactive
elements, and video materials that enhance learner engagement and accessibility of
content.

Finally, all educational resources are integrated into the Learning Management
System, thereby ensuring centralized access to course materials and supporting
effective organization of the learning process.

In developing the course, we drew upon the guidance presented in “Integrating
Generative Al for Deeper Math Learning” [6]. It provides a conceptual and practical
framework for leveraging generative Al in mathematics education in ways that
enhance, rather than replace, students’ cognitive engagement and productive struggle.
It outlines key principles, use cases, and tool recommendations for teachers and
students, emphasizing ethical, pedagogically grounded, and developmentally
appropriate integration of Al into math instruction. Specialized Al-powered
mathematical tools are defined by researchers as targeted applications that integrate
artificial intelligence capabilities specifically for solving mathematical tasks [6].
Although these tools are based on large language models (LLMSs), their development
typically involves additional training and the integration of specialized computational
modules, enabling them to perform accurate mathematical calculations rather than
merely predict text sequences. For example, the Khanmigo platform uses an embedded
calculator for solving mathematical problems instead of relying solely on LLM-
generated outputs.

Examples and descriptions of specialized Al tools across various subject areas,
including mathematics, are also presented in the Ukrainian Ministry of Education and
Ministry of Digital Transformation project “Guidelines on Artificial Intelligence for
General Secondary Education Institutions” [7].

In the comprehensive study of Ukrainian scholars “Review of Artificial
Intelligence-Based Mathematics Learning Services in the Training of Pre-Service
Teachers” [4] (Bielchev P. et al.) proposes an extensive classification of Al services
for text generation, visualization, video creation, and mathematical computations that
are essential for developing the digital competencies of future mathematics teachers.

Drawing upon the findings and approaches presented in the aforementioned
studies, we conducted a systematization of existing Al-oriented mathematical tools that
can be effectively applied in mathematics education and in the professional training of
future teachers.

Examples of such specialized Al-powered mathematical tools are presented in
the following diagram (see Fig.5).
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Fig.5. Specialized Al-powered math tools (according to [6] and [4])

The Implementation stage is associated with the practical realization of the
educational process within the course environment. At this stage, the instructor
performs the role of a tutor and facilitator, organizing and managing learners’
educational activities. Learning sessions are conducted using the selected instructional
methods and digital tools, while pedagogical interaction between the instructor and
students is continuously maintained through communication, feedback, and academic
support.

Particular importance is attached to fostering student engagement, collaborative
learning, and active participation in educational activities. Consequently, this stage
ensures the effective functioning of the course in real educational practice.

The Evaluation stage involves a comprehensive assessment of both the
educational process and the learning outcomes achieved during the course
implementation. This stage includes the application of a quality assurance system
aimed at evaluating the effectiveness of teaching methods, learning materials, and
assessment strategies. The analysis of students’ academic performance, participation,
and feedback enables the identification of strengths and limitations of the course
design. Based on the obtained results, modifications and improvements to the course
content, structure, and instructional approaches are introduced. Therefore, the
Evaluation stage serves as a mechanism for continuous improvement and further
optimization of the educational course.
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The final assessment utilizes the Generative Acrtificial Intelligence Literacy Test
(GLAT), a validated instrument [8] that we translated and adapted for Ukrainian
mathematics educators. This tool provides a reliable diagnostic of four core
dimensions: conceptual understanding, functional application, creative evaluation, and
ethical awareness.

Conclusions. The findings of the study demonstrate that preparing pre-service
mathematics teachers for professional activity in the context of the digital
transformation of education requires the systematic development of Al competency,
which integrates technological, pedagogical, ethical, and security-related dimensions
of artificial intelligence use. Particular importance is attached to the development of
competencies in cyberethics, cybersafety, and cybersecurity as essential components
of contemporary teacher education. Key areas for further research involve the
theoretical and empirical substantiation of pedagogical conditions for integrating the
AIl-TPACK model into the preparation of pre-service mathematics teachers, ensuring
the balanced development of technological, pedagogical, and content knowledge in the
context of artificial intelligence. Particular emphasis is placed on fostering their
readiness to use Al technologies in a pedagogically grounded, ethically responsible,
and secure manner, including the development of competencies within the C3 triad.
Furthermore, future study will focus on the design and validation of methodological
recommendations for implementing the AI-TPACK framework in mathematics teacher
education, as well as on conducting a pedagogical experiment to evaluate the
effectiveness of the developed elective course in enhancing pre-service teachers’
readiness to meaningfully integrate Al into mathematics teaching and learning.
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